Two trials examined genetic and environmental influences on muscle fiber type proportions. Trial 1 compared Polypay and Coopworth • Polypay male lambs either left intact or castrated early, mid or late in growth. Trial 2 compared Hampshire-sired lambs (females, early castrate wethers and late castrate wethers) from Suffolk • Coopworth dams and whiteface x Coopworth dams. Half the lambs in each trial were raised from weaning to 52 kg slaughter weight in drylot; the other half were reared to 41 kg on pasture before being finished in drylot. Analysis of longissimus tissue samples revealed no significant differences among rams, wethers and ewes in proportions of muscle fiber types. Early castration increased the proportion of oxed fibers in Trial 1 (P < .01) but not in Trial 2. Polypay lambs had a higher proportion of/~red fibers (P < .05) than the Coopworth • Polypay lambs, but no differences were seen between the genotypes of Trial 2. Single-born lambs in Trial 1 had a 6% higher proportion of awhite fibers (P < .05) than twin-born lambs; however, this difference was not detected in Trial 2. Drylot lambs had a higher proportion of/3red fibers than pasturereared lambs, the difference being 5% (P < .01) in Trial 2. Muscle fiber type proportions were not found to be related to growth rate and carcass fatness, and no evidence of differential fiber transformation was found in this trial.
Introduction
The primary product of meat animal species is muscle tissue, preferably with only a moderate amount of associated fat. Muscle size is the product of fiber number and fiber size. Because muscle fiber numbers do not increase after birth (Joubert, 1956; Staun, 1963) , muscle size clearly is dependent on the size of individual fibers. Ashmore et al. (1972) reported that the proportion of the larger, awhite fibers was very low in newborn lambs compared with adult sheep. They concluded that the accumulation of otwhite fibers was the result of transformation from ared fibers. Factors that enhance the 1Tech. Paper No. 8434, Oregon Agric. Exp. Sta. 2 Dept. of Anim. Sci. Received January 25, 1988. Accepted May 8, 1988. rate and(or) degree of such transformation could alter both quality and quantity of meat production.
Previous studies with lambs (Moody et al., 1980) and cattle (Johnston et al., 1981) have indicated that muscle fiber type proportions are influenced by both feeding regimen and gender of animals studied. Genotype likewise has been reported to affect this trait in lambs (Solomon et al., 1981) , pigs (Miller et al., 1975) and cattle (May et al., 1977; Bartlett et al., 1979) . These three factors are known to have major influences on carcass muscle and fat parameters as well.
This trial was designed to investigate 1) the concurrent effects of gender, time of castration, feeding regimen and genotype on muscle fiber type proportions of lambs slaughtered at a standard commercial weight and 2) the relationship between muscle fiber type proportions and measures of carcass muscularity and fatness.
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Materials and Methods
Two concurrent trials were conducted using a total of 140 lambs. In Trial 1, we used 40 Polypay and 40 Coopworth x Polypay male lambs. The Coopworth sires had been imported from New Zealand, where the breed was developed from a Border Leicester • Romney base. Lambs were randomly assigned within genotype to one of four castration treatments: early (within 2 wk of birth), mid (weaning, mean weight of 23 kg), late (upon reaching 39 kg) or none (left intact).
In Trial 2 we used 60 (40 male, 20 female) Hampshire-sired lambs born to either Suffolk x Coopworrh or whiteface • Coopworth dams. Male lambs were assigned randomly either to early or late castration.
At weaning, lambs were chosen from their large respective populations to minimize variation in age and weight and to balance groups on birthtype. Twins composed 37 of 56 lambs in Trial 1 and 29 of 47 lambs in Trial 2. Trial 1 lambs represented approximately 40% of the available males in their population, and Trial 2 lambs represented 33% of the available females and 67% of the available males. Lambs were allotted randomly within treatment subclass either to immediate drylot management or to pasture management until they reached 41 kg; then all were drylotted until slaughter at 52 kg live weight. Drylot lambs had ad libitum access to a pelleted 70% concentrate, 14% CP diet. A more detailed description of the castration treatments, genotypes, feeding regimens and lamb management was presented previously (Arnold and Meyer, 1988) .
Within 1 h postexsanguination, a 1-cm x 2-cm muscle sample was taken from the medial portion of the longissimus between the 12th and 13th ribs. Each sample was immediately placed in a sealed plastic cryostat tubule and immersed in liquid N for storage until processing. On removal from the liquid N, samples were mounted on a cryostat chuck with the fibers perpendicular to the microtome blade and allowed to equilibrate to -20~ Serial cross-sections 12 #m thick obtained from a microtome were mounted on glass microscope slides and air-dried. Sections were stained for succinic dehydrogenase activity and acid stable myosin ATPase using the technique of Solomon and Dunn (1988) and a cover slip was placed over the sections with glycerol gel.
Fibers were examined at 100• on a diavert microscope and counted with the aid of 1-mm 2 ocular grid. The grid was positioned randomly over the section because preliminary analysis had shown no significant differences between fiber type proportions determined within a bundle and classification of 500 or more fibers irrespective of bundle boundaries. Fibers contacting the borders of the ocular grid were included in the counts. A minimum of 500 fibers were examined and typed from each of three slide preparations per animal. Fiber types were classified according to Ashmore et al. (1972) as ~red, ared and awhite. Proportions of each fiber type were calculated by dividing the number of each type by the total number of fibers counted per slide. Means of slides within animals were pooled to derive individual animal estimates.
Muscle samples that did not produce slides with at least 500 contiguous fibers were discarded from the analysis. This constituted about 25% of all samples. The number of valid samples is shown in Table 1 . Such failure was. apparently due to freeze-fracturing of muscle samples during storage between postslaughter collection and slide preparation following collection of the last sample. Sample loss was unrelated to storage time or to any of the treatment variables being examined in the study. Examination of discarded slides gave no indication that unsuitability for inclusion was related to muscle fiber type ratios.
Data for each trial were analyzed separately using the analysis of covariance procedure of SAS (1985) . Gender and castration treatment, genotype, feeding regimen and birthtype (single vs twin) were fitted as main effects with weaning weight as a covariate. All two-way interactions were included in the model. Plotting the residuals of the dependent variables against the residuals of the covariate (Snedecor and Cochran, 1980) indicated no departure from linearity. Accordingly, the residual error term was used in all tests of significance. Single df orthogonal comparisons (Steel and Torrie, 1980) were used to compare castration treatment means. For Trial 1, rams were compared to wethers, early castrates were compared to later castrates and mid castrates were compared to late castrates. For Trial 2, ewes were compared to wethers and the two castration treatments were compared. Simple correlations were calculated between fiber type proportions and all carcass measures. Both simple and intraclass correlations were calculated between proportions of the three muscle fiber types; their mag- nitudes were similar, so only simple correlations are reported.
R esu Its
The effects of gender, castration time, genotype, birthtype and feeding regimen on slaughter age, muscle parameters and yield grade are shown in Tables 2 (Trial 1) and 3 (Trial 2). Muscle fibers/mm 2 was not affected by any of the variables examined, nor was it significantly correlated to any of the other muscle traits measured.
Lamb gender did not significantly affect the proportions of the different muscle fiber types in either trial. Rams had slightly more 0cred and fired fibers, and slightly fewer ~white fibers, compared with an average of the wethers (Trial 1), but proportions of the three muscle fiber types differed by less than 1% between the genders. Differences between wethers and ewes (Trial 2) in the proportions of muscle fiber types were larger than those seen between rams and wethers. Ewes had approximately a 1.5% higher proportion of both/3red and awhite fiber types, and a 3% lower proportion of o~red fibers than wethers.
The effect of castration time on muscle fiber type proportions differed between trials. In Trial 1, early castrates demonstrated a tendency toward a lower proportion of /3red fibers compared with later castrates (P < .10). Early castrates had an 8% higher proportion of ared fibers (P < .01) and a 6% lower proportion of awhite fibers than later castrates (P < .01). Only minor differences were seen between mid and late castrates for either proportion of fired fibers or proportion of 0fred fibers; however, late castrates had a 4% higher proportion of awhite fibers than the mid castrates (P < .10).
Time of castration in Trial 2 produced no significant effect on muscle fiber type proportions. Likewise, comparison of the ared to awhite ratios showed only slight differences between castration treatments.
Genotypic effects within trials on proportions of muscle fiber types were small and inconsistent. The only significant effect in Trial 1 was a 2.5% higher proportion of/~red fibers (P < .05) for Polypay lambs compared with Coopworths. No significant muscle fiber type differences were seen between genotypes in Trial 2.
Modest differerices in muscle fiber types due to birthtype were observed in the two trials. In Trial 1 the ratio of 0~red to awhite fibers was lower (P < .05) for singles than for twin lambs. This was due to both a lower proportion of ared fibers and a higher proportion of awhite fibers. Muscle fiber type differences between birthtypes in Trial 2 were nonsignificant. Fiber type proportions for both singles and twins in Trial 2 were similar to those of twins in Trial 1.
Feeding regimens produced an inconsistent effect on muscle fiber type proportions between the two trials. Trial 1 drylot lambs had a slightly lower proportion of ared fibers and a slightly higher proportion of 0~white fibers than did pasture lambs. Drylot lambs in Trial 2 had a 5% higher proportion of t3red fibers (P < .01) and demonstrated a tendency toward a lower proportion of ~red fibers (P < .10).
Correlations between muscle fiber type proportions and other carcass characteristics are shown in Table 4 . High negative correlations (P < .001) were observed between proportion of ared and each of the other fiber types in both trials, whereas correlations between ~red and awhite proportions were positive but not significant. None of the fiber type proportions was related to measures of carcass muscling (ribeye area and leg score). All correlations between proportion of 13red fibers and measures of carcass fatness were positive, although none was significant. The proportion of awhite fibers was positively correlated with carcass fatness measures in Trial 1, particularly to fat depth over the loin (P < .05) and yield grade (P < .01); no such relationship was detected in Trial 2. No age effects on muscle fiber type proportions were observed despite a range in slaughter age from 174 to 352 d.
Discussion
The experimental variables (gender, castration age, feeding regimen and genotype) all produced expected effects on growth rate and carcass fatness (Arnold and Meyer, 1988) ; however, effects on muscle parameters were inconsistent between the two trials.
Previous lamb studies (Moody et al., 1980; Solomon et al., 1981; Hawkins et al., 1985) all have analyzed and reported proportions of the three fiber types as though proportions were statistically independent. Although the proportions clearly are not independent (because the sum of the three must total 100%), results from this study have been presented in the same format to allow for direct comparisons with earlier reports.
Change in muscle fiber types with increased growth is thought to be due to transformation of red to white fibers (Swatland, 1976) . Ashmore et al. (1972) observed in pigs, sheep and cattle that such a transformation was a result of a transition of the alpha red to the alpha white myofibers. Therefore, the ratio of the two alpha fiber types was calculated for each animal as a possible indicator of physiological maturity. Hawkins et al. (1985) proposed such an approach, but failed to apply it to their data.
Whereas cell transformation alters proportions of the two alpha fiber types, beta fibers are believed to remain unchanged. (Ashmore et al., 1972) . This premise is supported, by the results of serial biopsy sampling of muscle in cattle (Spindler et al., 1980) . Lambs in this study had 10% t3red fibers, a level typical of literature reports. There was no effect of gender, birth rank or age at slaughter on the proportion of/3red fibers in either trial. The higher level of 13red fibers seen in Trial 1 for lambs from Polypay dams compared with lambs from Coopworth dams suggests a higher incidence of ~3red fibers in earlier-maturing genotypes. No differences in beta fiber proportions were seen between geno-types in the studies of either Solomon et al. (1981) or Hawkins et al. (1985) .
The large negative correlations observed between ared and awhite fibers are similar to those reported by Hawkins et al. (1985) and are as expected if muscle fiber type transformation were occurring. But a high negative correlation between ared and /3red fibers would not be expected if beta fiber proportions remain unchanged (Ashmore et al., 1972) . Hawkins et al. (1985) observed a similar negative relationship, but offered no comment on its basis.
Whereas Hawkins et al. (1985) reported a positive relationship with slaughter age (although no indication of mean age was given), no such relationship was observed in this experiment. The relatively slow growth rate of lambs on pasture and the heavier slaughter weights in our trial may have produced iambs in which muscle cell transformation had reached completion, removing any age effect.
The proportion of 13red fibers in Trial 2 was higher for drylot than for pasture lambs. Although this is unexplained and is contrary to the premise that the proportion of/]red fibers is unchanged after birth, a similar trend was seen in Trial 1 and was reported by Moody et al. (1980) for both of their experiments.
The ratios of oLred:awhite fibers did not differ significantly among genders but were in the direction to suggest that ewes mature earlier than wethers. This is in agreement with results of Moody et al. (1980) and Hawkins et al. (1985) , but contrary to results of Solomon et al. (1981) . Such differences might be attributable to breed • gender interactions for proportion of fiber types, as reported in cattle by Spindler et al. (1980) . Delayed castration resulted in successively leaner carcasses in both trials, indicating that physiological maturity was enhanced by castration. The 0tred:awhite fiber ratios, however, declined with delayed castration. Similar results are contained in the comparison of rams and wethers by Moody et al. (1980) . Testosterone is known to stimulate muscle development (Florini, 1985) , but its role in muscle growth has not been completely elucidated (Beitz, 1985) . The results of our trial suggest that castration may cause an interruption of muscle cell transformation and that the effect may be less pronounced in heavily muscled genotypes.
The ratio of ared:awhite fibers indicated that drylot lambs in both trials were more mature at slaughter than their pasture counterparts. Moody et al. (1980) reported the same effect and attributed it to higher dietary energy levels during the growth period.
The lack of a consistent realtionship between fiber type ratios and carcass measures suggests that fiber type ratios are not accurate indicators of either carcass fatness or muscling. Hawkins et al. (1985) reported that as the proportion of awhite fibers increased, carcass fatness increased, whereas protein and bone declined. A similar relationship was observed in Trial 1, but there was no such relationship in Trial 2, in which the lambs were more similar genetically to the lambs of Hawkins et al. (1985) . The r 2 values from either experiment seldom exceeded .20, indicating that fiber proportions have limited value in selection efforts to alter muscle fiber type proportions.
Examination of CV before and after fitting various statistical models indicated that less than 10% of the variation in/~red fibers and less than 2% of the variation in proportions of ared and awhite fibers could be explained by the combined effects of gender, castration time, genotype, birthtype, feeding regimen and weaning weight. Authors of each of the three lamb muscle fiber type trials cited (Moody et al., 1980; Solomon et al., 1981; Hawkins et al., 1985) found it necessary to invoke interactions between two or more effects to explain inconsistent results. Although histochemical methods aid in understanding muscle metabolism and postmortem changes in meat quality, their usefulness cannot be extended to quantifying differences in carcass characteristics. Variation in feeding regimens or castration times is not likely to alter muscle fiber type parameters in a predictable manner.
